ABSTRACT Two trials were conducted to investigate the effect of availability of perches on indices of leg weakness in broiler chickens. A third trial investigated the effect of litter substrate on similar indices of leg weakness in broiler chickens. Leg weakness traits examined were walking ability and tibial dyschondroplasia, tibial curvature, foot burn, and hock burn. Body weight was also measured in all trials. The presence of perches in the rearing pens had no effect on any of the indices of leg weakness examined in either trial. There were no consistent effects of perches on BW. Litter substrate significantly
INTRODUCTION
We have recently reported the effects of several husbandry factors on indices of leg weakness in broiler chickens Su et al., 1999) . In these studies, there was a clear relationship between walking ability and foot and hock burn; birds that had worse burn also had worse walking ability. The genotype of the birds can affect the level of expression of foot and hock burn , but excessive contact with wet and ammoniacal litter is generally considered to be the primary cause of foot and hock burn (Tucker and Walker, 1992) . Wood shavings in coarse structure as litter substrate have been found to be better than wheat straw with regard to growth, feed efficiency, and dry matter of litter (Petersen and Jensen, 1983) . Wiedmer and Hadorn (1996) reported a tendency for chickens reared on wood shaving litter to show more activity than those reared on straw litter. It might therefore be postulated that a litter substrate that remains dry throughout production and, thus, is favorable for the activity of chickens, would promote better leg health. There is some evidence to support this; Tucker To whom correspondence should be addressed: Poul.Sorensen@ agrsci.dk.
1259
affected some indices of leg weakness; birds reared on wheat straw had poorer walking ability and more foot burn than birds reared on wood shavings, and birds reared on hemp waste were intermediate between them. There was no effect of litter substrate on tibial dyschondroplasia or tibial curvature. Turning the straw litter regularly and adding fresh supplies when necessary did not significantly improve indices of leg weakness. It was concluded that wood shavings provide a better litter substrate than straw, but that perches have no beneficial effect on reducing leg weakness in broilers.
and Walker (1992) report lower hock burn scores for birds reared on drier and more friable litter. Similarly, reduced hock and foot burn may also be promoted if birds are able to separate themselves from the litter by, for example, perching. Reiter and Bessei (1995) and Sørensen et al. (1999) both indicate that birds that walk and exercise more have less leg weakness. It might therefore be postulated that perches, if used, would promote exercise and allow birds to escape from contact with litter and feces, thus also promote better leg health.
In this note we report two trials in which the effects of providing perches on indices of leg weakness were examined. In a third trial, the effects of different litter substrates on indices of leg weakness were also investigated.
MATERIALS AND METHODS

Assessment of Traits
In these studies, the main indices of leg weakness, gait score (GS), and tibial dyschondroplasia (TD) were assessed according to the methods of Kestin et al. (1992) and Ducro and Sørensen (1992) , respectively, as outlined in Sørensen et al. (1999) and Kestin et al. (1999) . Briefly, birds were gait-scored individually in both trials by the Abbreviation Key: GS = gait score; GSA = gait score excluding scores of 4 and 5; TC = tibial curvature; TD = tibial dyschondroplasia. same experienced assessor, who assessed the walking ability of the birds when moving spontaneously in the rearing environment, assigning each bird a GS from 0, for a perfectly normal bird, to 5, for a bird that could not walk at all. To examine birds for the presence of TD, the left leg of each bird was assessed using an X-ray fluorescence device 3 as described by Bartels et al. (1989) . The size of the cartilage plug present was scored on a scale from 0 to 3, in which 0 was given for no occurrence of TD and 3 was given for cases in which the cartilage almost filled the proximal head of the tibio-tarsus as illustrated in Kestin et al. (1999) . Simultaneously with TD assessment, curvature of the tibia (TC) was also estimated by X-ray according to the method of Kestin et al. (1999) using a scale of 0 to 3, with 0 for no curvature and 3 for severe curvature. At GS and TD assessment, birds were individually weighed. Carcasses were assessed postmortem for prevalence of foot pad burn and hock burn according to the method of Sørensen et al. (1999) . The foot pads and hocks of each bird were evaluated as the carcasses passed on the evisceration line, and a combined score for both legs was given from 0 to 3, with 0 for no sign of damage and 3 for extended burn and inflammation.
Bird Husbandry
In these trials, bird husbandry was as described in Su et al. (1999) unless otherwise stated. Briefly, Ross 208 chicks were obtained from a commercial hatchery, sexed and tagged at 1 d of age, and allocated to each pen at random, but balanced for sex. A summary of details of the conditions used in these trials are shown in Table 1 .
In Trials 1 and 2, the trials that examined the effects of perches, birds were housed in flocks of 30 at a stocking density of 18 birds per square meter. A photoperiod of 21 h was provided with 30 min dusk toward the end of the photoperiod. Birds were fed broiler starter diet from 1 to 14 d of age (ME = 3,100 kcal/kg, 21.8% crude protein) and broiler grower diet (ME = 3,150 kcal/kg, 20.2% crude protein) thereafter. Feed and water were made available ad libitum. Feeder and drinker spaces were identical in each pen. Birds were weighed and assessed for TD and TC at 28 d of age, and weighed and assessed for walking ability at 35 d of age. In Trial 2, after slaughter at 42 d of age, carcasses were also assessed for prevalence of foot 3 Lixiscope, Lixi Inc., Downers Grove, IL 60515.
pad burn and hock burn as described in .
Perches sufficient for all birds to perch simultaneously were provided from 1 d of age in the designated pens. In Trial 1, rectangular section wood having a width of 3.5 cm and a height of 2.5 cm was used as perches from 1 d of age, and in Trial 2, round section perches having a diameter of 1.5 cm were used the first 2 wk. These perches were placed at a height of 10 cm above the floor until 2 wk, then replaced at a height of 25 cm above the floor so that the perches would not result in a reduction in the available floor space of the pen. Perching observations were made four times per observation day, two observation days per week. Perching frequency was measured as the ratio of the number of chickens on perches at the observation time to the total number of chickens.
In Trial 3, a factorial design was used with factors of stocking density (16 or 22 birds per square meter) and litter type: pure soft pine wood shavings in a coarse structure (wood), 5 cm of dried hemp waste (hemp), and 5 cm of chopped wheat straw, either worked and refreshed (straw, worked) or left untouched (straw). Birds were housed in flocks of 275, and pens were littered with 2 kg/m 2 of the appropriate material at the start of the trial. Litter substrates were balanced across stocking densities. In pens littered with wheat straw that was worked, the litter was turned by hand three times per week, and fresh supplies were added as required. Leg weakness traits were assessed as above.
At weekly intervals, starting at 7 d after placement, the friability of the litter was subjectively assessed in each pen and scored on a scale of 1 to 5, with 5 representing dry or friable litter and 1 representing capped litter. Simultaneously, to measure moisture content, samples of litter were taken from a representative number of pens and weighed, and dry matter content was calculated according to the method of European Economical Community (1971) . The temperature of the litter in a representative and balanced number of pens was also monitored every 7 h automatically from 2 wk of age. Temperature sensors were placed in the middle layer of the litter, away from drinkers and feeders.
Statistical Analysis
In Trial 1, a linear model comprising a factorial arrangement of perch treatment, sex, and block (i.e., pen section) was used to analyze the effects of perch. In Trial 2, the model included perch treatment, sex, and pen nested within perch treatment. The model used in Trial 3 comprised a factorial arrangement of litter, density, sex, and pen nested within litter and density to analyze the effects of litter. In a second set of models, BW at the time of measurement was introduced as covariable to account for BW effect on TD and walking ability. The effects of density are reported elsewhere.
The ANOVA was performed and the least square means were calculated by using the GLM procedure of SAS (SAS Institute Inc., 1994). Estimates in a row, within trial, with no common superscript differ significantly (P < 0.05).
1 TD = tibial dyschondroplasia; TC = tibial curvature; GS = gait score; GSA = gait score excluding scores of 4 and 5; Foot = foot pad burn; Hock = hock burn; BW28 = BW at 28 d; and BW35 = BW at 35 d.
Because previous studies have indicated that most of birds with a GS of 4 or 5 are atypical of the majority of lame birds , and may have infections in their joints or bones (Kestin et al., 1994) , in most analyses, the GS was also analyzed with these birds excluded from the data set, and is presented in the tables as GS excluding scores of 4 and 5 (GSA).
RESULTS AND DISCUSSION
Trials 1 and 2
The least squares means of the traits measured in birds reared with and without perches are shown in Table 2 . There was no effect of providing perches on any of the indices of leg weakness measured. In Trial 1, BW at 28 and 35 d of age were significantly different between treatments, with birds reared with perches being lighter. This effect was not found in the second trial. When data were adjusted for differences in BW, (Table 3) , there were still no significant effects of providing perches on leg weakness. Behavioral observations indicated that the perches were not frequently used.
The findings from these trials were reasonably clear. Walking ability was unaffected by providing perches. This result was consistent among trials. However, it was observed that few birds used the perches (about 1 to 2% at the moment of observation), which is surprising Estimates in a row, within trial, with no common superscript differ significantly (P < 0.05).
1 TD = tibial dyschondroplasia; TC = tibial curvature; GS = gait score; GSA = gait score excluding scores of 4 and 5; Foot = foot pad burn; and Hock = hock burn. because other workers have reported that, when available from 1 d of age, perches were readily used by broilers (Davies and Weeks, 1995) . It may be that the relatively small pens the birds were reared in, and the inevitable proximity of the perches to one of the pen sides, affected their desire to perch. Davies and Weeks (1995) reported a relationship between the walking ability of the birds and their propensity to perch, with lame birds being less willing to perch. However, this reluctance of lame birds to perch developed only as walking ability deteriorated, and thus, would only have reduced access of the birds to perches toward the end of these studies. The BW effects in Trial 1 are difficult to explain, and may be an incidental finding. Because some producers maintain that perches are desirable and beneficial to bird welfare, further trials in larger pens that are more representative of commercial practice are merited.
The least squares means of the traits measured in birds reared on different litter substrates are shown in Table 2 . Litter substrate significantly affected some of the indices of leg weakness measured. Walking ability scores and foot pad burn scores were lowest in the pens littered with wood shavings and highest in the pens littered with straw, with birds from pens littered with hemp being intermediate. Turning the straw and adding fresh supplies when necessary had no effect. Birds were heaviest at 28 d of age in pens littered with wood shavings and lightest in pens littered with worked straw; these differences disappeared by 35 d of age. When the results were FIGURE 1. Litter friability in relation to age (W = wood shavings; H = dried hemp waste; S = wheat straw; and WS = worked and refreshed wheat straw).
adjusted to remove the effect of BW, the findings for indices of leg weakness remained largely the same. However, in this case, there was a difference in the level of hock burn; the scores of birds littered on hemp tended to be better than the scores of birds littered on other substrates.
Litter friability, moisture, and temperature throughout the study are shown in Figures 1, 2 and 3 , respectively. Litter dry matter and friability declined as the trial progressed. Moreover, straw and worked straw had lower friability than wood or hemp (P < 0.01) during the period from 4 to 6 wk, and had lower dry matter than wood (P < 0.05) after 2 wk of age. Litter temperature, as a whole, also increased as the trial progressed. Pooled over the whole trial period, pens littered with straw and worked straw were warmer than pens littered with wood or hemp (P < 0.05).
It was interesting that litter substrate affected some of the indices of leg weakness measured. Chopped straw and wood shavings are widely used litter substrates in broiler production, and the largest difference in the indices of walking ability was found between these litters. Walking ability and foot pad burns were worst in the pens littered with straw and best in the pens littered with wood shavings. Tucker and Walker (1992) found lower hock burn scores in birds reared on wood shavings rather FIGURE 2. Litter dry matter in relation to age (W = wood shavings; H = dried hemp waste; S = wheat straw; and WS = worked and refreshed wheat straw). than straw, but this effect was not seen in our studies. It is widely believed that turning or working the litter to prevent capping improves litter quality and reduces leg disorders; however, in this trial this was not the case. Birds in pens that were littered with straw that was worked had similarly poor walking ability as those from unworked pens. The litter dry matter and friability scores appear to support the view that poorer walking ability is associated with wetter litter, and confirm the findings of Tucker and Walker (1992) . Turning and adding fresh litter to the worked straw pens appeared to have little effect on the moisture content or friability of the litter, or on the walking ability of the birds. To achieve good litter quality, it appears that it is more important to select a good substrate in the first place than to turn and refresh a poor-quality substrate.
As indicated in McGeown et al. (1999) , there is increasing evidence that birds with a GS of 3 or more suffer from pain when they walk, and that the welfare of these birds is badly compromised by leg weakness. This study indicates that the expression of leg disorders can be reduced by appropriate choice of litter substrate. Therefore, litter substrate should be considered when developing a leg weakness control program.
